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(54) Methods for the regeneration of a denitration catalyst 

(57) This invention provides a method for the regen- 
eration of a denitration catalyst which comprises clean- 
ing a denitration catalyst having reduced denitration 
power with an aqueous alkaline solution to remove the 
substances deposited thereon, and subjecting the cata- 
lyst to an activation treatment with an aqueous acid 
solution; a method for the regeneration of a denitration 
catalyst which comprises cleaning a denitration catalyst 
having reduced denitration power with a cleaning fluid 
comprising an aqueous solution containing sulfuric acid 
!or ammonia at a concentration of 0.05 to 20% by weight 
and maintained at a temperature of 10 to 90°C; and a 
method for the regeneration of a denitration catalyst 
which comprises cleaning a denitration catalyst having 
. reduced denitration power under the above-described 
! conditions, and impregnating the denitration catalyst 
with a catalytically active component so as to support it 
on the catalyst. 
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Description 

FIELD OF THE INVENTION AND RELATED ART STATEMENT 

5 [0001] This invention relates to methods for the regeneration of a denitration catalyst. More particularly, it relates to 
methods for the regeneration of a denitration catalyst which makes it possible to regenerate a denitration catalyst hav- 
ing reduced denitration powder and considered to be hard to regenerate, and thereby utilize it again effectively. 
[0002] Recently, in order to remove nitrogen oxides (hereinafter referred to as NOJ produced in boilers and various 
combustion furnaces for the purpose of preventing air pollution, a catalytic ammonia reduction process wherein ammo- 

10 nia is used as a reducing agent and nitrogen oxides are decomposed to nitrogen and water by contact with a catalyst 
is being widely employed. Most of the NO x removal catalysts currently used for practical purposes are honeycomb- 
shaped catalysts which have through-holes of square cross section in order to prevent clogging with dust present in 
exhaust gas and increase the gas contact area. 

[0003] With respect to catalyst components, titanium oxide is highly suitable for use as a principal component and 
15 vanadium, tungsten and the like are commonly used as active components. Thus. Ti0 2 -W0 3 or Ti0 2 -Mo0 3 binary cat- 
alysts and Ti0 2 -V 2 0 5 -W0 3 or Ti0 2 -V 2 05-Mo03 ternary catalysts are being popularly used. The catalytic power of 
these denitration catalysts tends to be gradually reduced with service time, and the cause for the reduction in catalytic 
power varies according to the type of the fuel used in the source of exhaust gas (e.g.. boiler). 

[0004] For example, in the case of exhaust gas from an oil-fired boiler, sodium contained in the dust present in exhaust 
20 gas is chiefly deposited on the catalyst and causes a reduction in catalytic power. In the case of exhaust gas from a 
coal-fired boiler, calcium contained in the dust present in exhaust gas is chiefly deposited on the catalyst surfaces and 
reacts with sulfuric anhydride present in the exhaust gas to form calcium sulfate. This calcium sulfate covers the catalyst 
surfaces and hinders NO and NH 3 gases from diffusing into the interior of the catalyst, resulting in reduced catalytic 
power. 

25 [0005] It has conventionally been known that catalysts having reduced catalytic power attributable to these causes of 
deterioration can be effectively regenerated by cleaning them with water or an aqueous solution of hydrochloric acid. 
[0006] In the course of experiments on the regeneration of catalysts having been used for exhaust gas from coal-fired 
boilers, the present inventors have recognized that the conventional cleaning method using water or an aqueous solu- 
tion of hydrochloric acid exhibits is scarcely effective in regenerating the catalytic power of some catalysts. Upon exam- 

30 ination of the cause therefor, it has been found that a high concentration of arsenic compound( AS2O5) is present on the 
surfaces of the catalysts for which cleaning with water or an aqueous solution of hydrochloric acid fails to exhibit a 
regenerative effect. 

[0007] Generally, when a denitration catalyst is applied to exhaust gas produced by the combustion of a gaseous fuel, 
little reduction in catalytic power is observed. 

35 [0008] However, for catalysts used in exhaust gas from coal-fired boilers in which coal of poor quality tends to be 
increasingly used in recent years, a marked reduction in catalytic power is observed in some cases. Examination of 
these deteriorated catalysts has revealed that a high concentration of arsenic is present on the catalyst surfaces as 
described above, and the conventional cleaning method using water or an aqueous solution of hydrochloric acid exhib- 
its little regenerative effect on them. Moreover, in order to clarify the cause for the deposition of arsenic on the surfaces 

40 of a catalyst used for a coal-fired boiler, an investigation was made on the fuel used in the source of exhaust gas. As a 
result, it has been found that a high concentration of arsenic compounds are present in such coal. These arsenic com- 
pounds are converted into diarsenic trioxide (AS2O3), which is carried by combustion gas and becomes adsorbed on 
the catalyst. Then, this diarsenic trioxide is oxidized on the catalyst according to the following reaction formula (1) and 
fixed to the catalyst in the form of stable diarsenic pentoxide (AsaOg). 

45 

AS2O3 + 0 2 As 2 O s (1 ) 

[0009] For this reason, there has been a problem in that, when the substances responsible for the deterioration of the 
catalyst are arsenic compounds deposited on the catalyst surfaces, the conventional cleaning method using water or 
so an aqueous solution of hydrochloric acid exhibits little regenerative effect on the catalyst 

OBJECTS AND SUMMARY OF THE INVENTION 

[001 0] In view of the above-described problem, the present inventors made intensive investigations in order to develop 
55 a method for the regeneration of a denitration catalyst which not only can regenerate a denitration catalyst having 
reduced catalytic power as a result of its long-time use, while avoiding the conventionally known reduction in catalytic 
power due to the deposition of sodium or calcium, but also can regenerate a denitration catalyst that could not be effec- 
tively regenerated by cleaning with water or an aqueous solution of hydrochloric acid because of the presence of 
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arsenic on the catalyst surfaces. 

[001 1 ] As a result, the present inventors have now found that the above-described problem can be solved by treating 
a spent denitration catalyst according to a method which comprises an alkali treatment step for removing the arsenic 
compounds deposited on the catalyst surfaces, and a subsequent activation treatment step. 
5 [001 2] Moreover, the present inventors also have found that the above-described problem can be solved by cleaning 
a spent denitration catalyst with an aqueous solution of sulfuric acid or ammonia to convert the arsenic compounds 
deposited on the catalyst surfaces into water-soluble compounds and thereby remove them from the catalyst surfaces. 
[001 3] The present invention has been completed from this point of view. 

[0014] According to a first embodiment of the present invention, there is provided a method for the regeneration of a 
io denitration catalyst which comprises cleaning a denitration catalyst having reduced denitration power with an aqueous 
alkaline solution to remove the substances deposited thereon, and subjecting the catalyst to an activation treatment 
with an aqueous acid solution. In a preferred embodiment, the aforesaid aqueous alkaline solution is an aqueous solu- 
tion of NaOH. KOH, Na 2 C0 3 , NaHC0 3 or K 2 C0 3 and the aforesaid aqueous acid solution is an aqueous solution of 
HCI, HN0 3 , HF or H 2 S0 4 . 

75 [001 5] According to a second embodiment of the present invention, there is provided a method for the regeneration 
of a denitration catalyst which comprises cleaning a denitration catalyst having reduced denitration power with a clean- 
ing fluid comprising an aqueous solution containing sulfuric acid or ammonia at a concentration of 0.05 to 20% by 
weight and maintained at a temperature of 10 to 90°C. In this method, the hardly soluble arsenic compounds deposited 
on the catalyst surfaces can be more effectively removed by maintaining the temperature of the cleaning fluid in the 

20 range of 20 to 80° C. 

[001 6] According to a third embodiment of the present invention, there is provided a method for the regeneration of a 
denitration catalyst which comprises cleaning a denitration catalyst having reduced denitration power under any of the 
conditions described above, and impregnating the denitration catalyst with a catalytically active component so as to 
support it on the catalyst. In this method, the catalytically active component with which the catalyst is impregnated com- 
25 prises, for example, vanadium or tungsten that is liable to be dissolved out. 

[0017] Conventionally, catalysts having arsenic compounds deposited thereon have been incapable of regeneration 
and hence disposed of. However, the regeneration methods of the present invention make it possible to regenerate 
such catalysts and utilize them effectively again as denitration catalysts. 

30 BRIEF DESCRIPTION OF THE DRAWING 

[0018] FIG. 1 is a perspective view of a honeycomb-shaped denitration catalyst used in the examples of the present 
invention which will be given later. 

[0019] The reference characters shown in FIG. 1 are defined as follows: 1. honeycomb-shaped denitration catalyst; 
35 L, length; and P, pitch. 




DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Embodiment 1 

40 

[0020] The present invention relates to the regeneration of a denitration catalyst which has been used for the removal 
of nitrogen oxides present in combustion exhaust gas and has reduced catalytic power due to the deposition of arsenic 
(As) compounds on the catalyst surfaces. According to the first embodiment thereof, the catalyst is regenerated by dis- 
solving the arsenic compounds (principally AS2O5) deposited on the catalyst surfaces. The denitration catalysts which 

45 can be regenerated according to the present invention are ones comprising titanium oxide as a principal component 
and containing vanadium, tungsten, molybdenum or the like as an active component. Specific examples thereof include 
Ti0 2 -W0 3 or Ti0 2 -Mo0 3 binary catalysts, and T^-VgOs-WOg or Ti0 2 -V 2 0 5 -Mo0 3 ternary catalysts. 
[0021] More specifically, the regeneration method of this embodiment comprises an alkali treatment step and a sub- 
sequent activation treatment step. If necessary, this regeneration method may further include a step for impregnating 

so the denitration catalyst with a catalytically active component so as to support it on the catalyst. 

[0022] First of all, in the alkali treatment step, a denitration catalyst having reduced catalytic power due to the depo- 
sition of arsenic compounds is cleaned with an aqueous alkaline solution to remove the arsenic compounds from the 
denitration catalyst. No particular limitation is placed on the cleaning method, for example, the cleaning method is car- 
ried out bringing the denitration catalyst into contact with a cleaning fluid comprising an aqueous solution of sulfuric acid 

55 or ammonia. Specific examples thereof include a method in which the denitration catalyst is soaked in an aqueous alka- 
line solution, a method in which the denitration catalyst is allowed to stand in an aqueous solution of sulfuric acid or 
ammonia, and a method in which, after the denitration catalyst is placed in an aqueous alkaline solution, air is bubbled 
through the solution or forced convection currents are produced in the solution to promote the renewal thereof. 
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[0023] 5 alkali treatment step, an aqueous solution of a strongly basic compound is used as the aqueous alkaline 
solution lis purpose, it is preferable to use a basic compound which can remove arsenic by forming a sodium or 
potassiur. jmpound thereof. More specifically, the aqueous alkaline solution used in the present invention may com- 
prise, for example, an aqueous solution of NaOH, KOH, Na 2 C0 3 , NaHC0 3 or K 2 C0 3 . 

5 [0024] When the aqueous alkaline solution comprises an aqueous solution of NaOH, KOH, Na 2 C0 3 , NaHC0 3 or 
K 2 C0 3 as described above, it is usually effective that the alkali concentration in the aqueous alkaline solution is in the 
range of 0.05 to 20% by weight and the temperature of the aqueous alkaline solution serving as a cleaning fluid is in 
the range of 10 to 90°C. If the concentration of the aqueous alkaline solution is less than 0.05% by weight or the tem- 
perature of the cleaning fluid is lower than 10°C, a sufficient cleaning effect will not be obtained. On the other hand, if 

io the concentration of the aqueous alkaline solution is greater than 20% by weight or the temperature of the cleaning fluid 
is higher than 90°C. the cost of the treating equipment may be considerably raised. 

[0025] In the subsequent activation treatment step, the denization catalyst having undergone the alkali treatment is 
subjected to an activation treatment with an aqueous acid solution. 

[0026] Specifically, although the arsenic compounds can be removed by cleaning the denization catalyst in the above- 
75 described alkali treatment step, the alkaline component remains on the catalyst and acts as a poison thereto. Since the 
alkali metal itself is a substance responsible for the deterioration of the denization catalyst, this denization catalyst, 
unless properly treated, may be deteriorated by the alkali metal, in spite of the fact that a reduction in catalytic power 
due to th-: reposition of arsenic compounds can be avoided. 

[0027] Accordingly, in the present invention, the catalyst having undergone the alkali cleaning is subjected to an acti- 
os vation Zeatment with an aqueous acid solution so as to remove the alkali remaining on the catalyst. Thus, the deniza- 
tion catalyst is freed of any catalyst poison. 

[0028] In this activation treatment step, it is conceivable that an aqueous solution of an organic acid or an inorganic 
acid may be used as the aqueous acid solution. However, with consideration for the cost required for after-Zeatment 
and the like, it is preferable to use an aqueous acid solution prepared from an inorganic acid. Any of various inorganic 
25 acids capable of ion exchange with sodium or potassium may be used, whether they are sfrong acids or weak acids. 
More specifically, the aqueous acid solution used in the present invention may comprise, for example, an aqueous solu- 
tion of HCI. HN0 3 . HF or H 2 S0 4 . 

[0029] When the aqueous acid solution comprises an aqueous solution of HCI. HN0 3 . HF or H 2 S0 4 as described 
above, it is usually effective that the concenZation of the aqueous acid solution is in the range of 0.1 to 25% by weight 

30 and the temperature of the aqueous acid solution is in the range of 1 0 to 90°C. If the concenZation of the aqueous acid 
solution is less than 0.1% by weight or the temperature of the aqueous acid solution is lower than 10°C, a sufficient 
degree of ion exchange may not be effected. On the other hand, if the concenZation of the aqueous acid solution is 
greater than 25% by weight or the temperature of the aqueous acid solution is higher than 90°C, the cost of the Zeating 
equipment may be considerably raised. 

35 [0030] In the present invention, if necessary, the denization catalyst having undergone the above-described alkali 
treatment step and activation treatment step may further be regenerated by subjecting it to the following step for impreg- 
nating the denization catalyst with a catalytically active component so as to support it on the catalyst. 
[0031] When the catalyst is subjected to the above-described alkali cleaning and activation zeatment with an acid, 
vanadium or tungsten forming a catalytically active component may be dissolved out from the catalyst, thus causing a 

40 reduction in denization power due to a decreased active component concentration in the catalyst. Consequently, 
according to the present invention, after the catalyst is cleaned to remove arsenic compounds therefrom, washed with 
water and dried, the catalyst may be impregnated with vanadium or tungsten so that the active component is supported 
on the catalyst and the active component concentration in the catalyst is thereby adjusted to its level before regenera- 
tion. 

45 [0032] In order to impregnate the catalyst with vanadium, the catalyst may be soaked in an aqueous solution prepared 
by dissolving a vanadium compound (e.g., vanadium pentoxide, ammonium metavanadate or vanadyl sulfate) in water, 
an organic acid, or an amine solution. 

[0033] In order to impregnate the catalyst with tungsten, the catalyst may be soaked in an aqueous solution prepared 
by dissolving a tungsten compound (e.g., ammonium paratungstate, tungsten trioxide or tungsten chloride) in water, 

so hydrochloric acid, an amine solution or an organic acid. 

[0034] According to the above-described regeneration method of this embodiment, a spent catalyst is f irst subjected 
to an alkali Zeatment step for cleaning it with an aqueous alkaline solution, so that the arsenic compounds [principally 
diarsenic pentoxide (As 2 O s )] deposited on the catalyst are converted into easily soluble Na 3 As0 4 according to the fol- 
lowing reaction formula (2). Thus, the arsenic compounds deposited on the catalyst surfaces can be removed. The fol- 

55 lowing reaction formula represents the reaction taking place when NaOH is used for the aqueous alkaline solution. 

As20 5 + 6NaOH -+ 2Na 3 As0 4 + 3H 2 0 (2) 
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[0035] However, after this alkali treatment step, Na + ion remains on the catalyst. 

[0036] Accordingly, in an activation treatment step subsequent to the above-described alkali treatment step, the Na+ 
ion remaining on the catalyst and acting as a catalyst poison is removed by ion exchange using an aqueous solution of 
an acid such as HCI. so that the Na* ion is replaced by H* ion. This makes it possible to remove Na + ion from the cat- 

5 alyst and thereby restore the activity of the denization catalyst. 

[0037] As described above, the cleaning effect for removing arsenic compounds is enhanced by the above-described 
alkali treatment and activation treatment with an acid, but an increased amount of vanadium or other element forming 
a catalytically active component may be dissolved out, resulting in a reduction in the active component concentration 
remaining in the catalyst. Thus, although arsenic compounds responsible for the reduced denization power have been 

10 removed, it is apparently impossible to restore the denization power. Accordingly, when a considerable amount of the 
active component is dissolved out from the catalyst under certain cleaning conditions, it is effective to restore the cata- 
lytic power suitably by impregnating the catalyst with vanadium or the like so as to support it on the catalyst. 



[0038] The present invention relates to the regeneration of a denization catalyst which has been used for the removal 
of nizogen oxides present in combustion exhaust gas and has reduced catalytic power due to the deposition of As com- 
pounds on the catalyst surfaces. According to the second embodiment thereof, the catalyst is regenerated by cleaning 
the catalyst with an aqueous solution of sulfuric acid (H 2 S0 4 ) or ammonia (NH 3 ) and thereby dissolving As 2 0 5 depos- 
20 ited on the catalyst surfaces. The denitration catalysts which can be regenerated according to the present invention are 
ones comprising titanium oxide as a principal component and containing vanadium, tungsten, molybdenum or the like 
as an active component. Specific examples thereof include Ti0 2 -W0 3 or Ti0 2 -Mo0 3 binary catalysts, and Ti0 2 -V 2 0 5 - 
W0 3 or Ti0 2 -V 2 0 5 -Mo0 3 ternary catalysts. 

[0039] In this embodiment, a denization catalyst having reduced catalytic power is cleaned with a cleaning fluid com- 
25 prising an aqueous solution containing sulfuric acid or ammonia at a concentration of 0.05 to 20% by weight and main- 
tained at a temperature of 10 to 90°C. No particular limitation is placed on the cleaning method, and the purpose of 
cleaning is accomplished by bringing the denization catalyst into contact with a cleaning fluid comprising an aqueous 
solution of sulfuric acid or ammonia. Specific examples thereof include a method in which the denization catalyst is 
soaked in an aqueous alkaline solution, a method in which the denization catalyst is allowed to stand in an aqueous 
30 solution of sulfuric acid or ammonia, and a method in which, after the denitration catalyst is placed in an aqueous alka- 
line solution, air is bubbled through the solution or forced convection currents are produced in the solution to promote 
the renewal thereof. 

[0040] If the concentration of the aqueous solution of sulfuric acid or ammonia used for this cleaning purpose is 
unduly low, a sufficient regenerative effect will not be obtained. On the other hand, if its concerrtration is unduly high, a 

35 satisfactory regenerative effect is achieved, but part of the silica contained in the clay (e.g.. acid clay or diatomaceous 
earth) and glass ftoers (consisting chiefly of silica) which are added to the catalyst in an amount of several to ten-odd 
percent during its fabrication for the purpose of maintaining the strength of the catalyst is also dissolved. As a result, 
the sZength of the catalyst may be reduced to a level lower Zian that required for use in actual plants. Accordingly, in 
order to obtain a regenerative effect while maintaining the strength of the catalyst, it is necessary to clean the catalyst 

AO with an aqueous solution containing sulfuric acid or ammonia at a concenzation of 0.05 to 20% by weight. 

[0041] Moreover, when the arsenic compounds deposited on the catalyst surfaces exist in hardly soluble form, a suf- 
ficient regenerative effect may not be obtained by using an aqueous solution of sulfuric acid or ammonia having a low 
temperature. In such a case, the hardly soluble arsenic compounds deposited on the catalyst surfaces can be removed 
by raising the temperature of the cleaning fluid (i.e., the aqueous solution of sulfuric acid or ammonia) to 10-90°C and 

4$ preferably 20-80°C. 

[0042] However, when the temperature of the cleaning fluid (i.e.. the aqueous solution of sulfuric acid or ammonia) 
becomes higher, vanadium or tungsten forming a catalytically active component may be dissolved out Zom the catalyst, 
thus causing a reduction in denization power due to a decreased active component concenzation in the catalyst. Con- 
sequently, according to the present invention, after the catalyst is cleaned to remove arsenic compounds therefrom, 
so washed with water and dried, the catalyst may be impregnated with vanadium or tungsten, if necessary, so that the 
active component is supported on the catalyst and the active component concenzation in the catalyst is thereby 
adjusted to its level before regeneration. 

[0043] In order to impregnate the catalyst with vanadium, the catalyst may be soaked in an aqueous solution prepared 
by dissolving a vanadium compound (e.g.. vanadium pentoxide. ammonium metavanadate or vanadyl sulfate) in water, 
55 an organic add. or an amine solution. 

[0044] In order to impregnate the catalyst with tungsten, the catalyst may be soaked in an aqueous solution prepared 
by dissolving a tungsten compound (e.g., ammonium paratungstate, tungsten trioxide or tungsten chloride) in water, 
hydrochloric acid, an amine solution or an organic acid. 



Embodiment 2 
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[0045] According to the above-described regeneration method of this embodiment, the arsenic compounds [princi- 
pally diarsenic pentoxide (AS2O5)] deposited on a catalyst can be removed by cleaning. 

[0046] Specifically, when the catalyst is cleaned with an aqueous solution of sulfuric acid, the arsenic compounds are 
converted into arsenic acid (Na 3 As0 4 ) according to the following reaction formula (3), so that the dissolution thereof is 
5 promoted. Thus, the arsenic compounds deposited on the catalyst surfaces can be removed. 

AS2O5 + 3H 2 0 -> 2H 3 As0 4 (3) 

[0047] On the other hand, when the catalyst is cleaned with an aqueous solution of ammonia, the arsenic compounds 
10 are converted into water-soli&le ammonium arsenate [(NH^AsOJ according to the following reaction formula (4). 
Thus, the arsenic compounds deposited on the catalyst surfaces can be removed easily. 

As 2 0 5 + 6NH3 + 6H 2 0 -> 2(NH 4 ) 3 As0 4 • 3H 2 0 (4) 

15 [0048] Moreover, when hardly soluble arsenic compounds are deposited on the catalyst surfaces, it is effective to 
raise the temperature of the cleaning fluid and thereby enhance its cleaning effect. However, when the temperature of 
the cleaning fluid becomes higher, its cleaning effect is enhanced, but an increased amount of vanadium or other ele- 
ment forming a catalytically active component may be dissolved out, resulting in a reduction in the active component 
concentration remaining in the catalyst. Thus, although arsenic compounds responsible for the reduced denization 

20 power have been removed, it is apparently impossible to restore the denization power. Accordingly, when a considera- 
ble amount of the active component is dissolved out from the catalyst under certain cleaning conditions, it is effective 
to restore the catalytic power suitably by impregnating the catalyst with vanadium or the like so as to support it on the 
catalyst. 

[0049] Conventionally, catalysts having arsenic compounds deposited thereon have been incapable of regeneration 
25 and hence disposed of. However, the above-described regeneration methods of the present invention make it possible 
to regenerate such catalysts and utilize them effectively again as denization catalysts. Moreover, by regenerating and 
reusing such catalysts, the regeneration methods of the present invention contribute to a decrease in the amount of 
industrial waste, and hence have an important industrial significance from the viewpoint of environmental protection. 
[0050] The present invention is more specifically explained with reference to the following examples. However, these 
30 examples are not to be construed to limit the scope of the invention. 

Example 1 

[0051 ] Denization catalysts (composed of 89.2 wt.% of Ti0 2 . 1 0.2 wt.% of WO3, and 0.6 wt.% of V 2 O s ) having a hon- 
35 eycomb configuration with a pitch of 7.4 mm as shown in FIG. 1 were used in exhaust gas from a coal-fired boiler plant 
A for about 29.000 hours. 

[0052] In order to regenerate five denization catalysts having reduced denization power as a result of the aforesaid 
use, each of them was soaked in a cleaning fluid comprising a 1 wt.% aqueous solution of NaOH, KOH, Na 2 C0 3 , 
NaHC0 3 or K 2 C0 3 so that the volume ratio of the cleaning fluid to the denization catalyst was 4.0, allowed to stand at 
40 40°C for 4 hours, washed with water, and then dried. 

[0053] After the above-described alkali cleaning, the catalyst was soaked in an activating fluid comprising a 1% aque- 
ous solution of H 2 S0 4 so that the volume ratio of the activating fluid to the catalyst was 4.0. allowed to stand at 40°C 
for 1 hour, washed with water, and then dried. As shown in Table 2 below, the regenerated catalysts thus obtained are 
referred to as "Catalysts 1 -5". 

45 [0054] Three other catalysts were Zeated in the same manner as described above for Catalyst 1 , except that, in place 
of a 1% aqueous solution of H 2 S0 4 , a 1% aqueous solution of HCI, HNO3 or HF was used as the activating fluid. Spe- 
cifically, each of them was soaked in the activating fluid so that the volume ratio of the activating fluid to the catalyst was 
4.0, allowed to stand at 40°C for 1 hour, washed with water, and then dried. As shown in Table 2 below, the regenerated 
catalysts thus obtained are referred to as "Catalysts" 6-8". 

50 

Comparative Example 1 

[0055] In order to regenerate two denization catalysts having been used in the same manner as in Example 1 , each 
of them was soaked in a cleaning fluid comprising water or a 1% aqueous solution of HCI so that the volume ratio of the 
55 cleaning fluid to the catalyst was 4.0. allowed to stand at 20°C for 4 hours, washed with water, and then dried. The cat- 
alyst treated with water is referred to as "Catalyst 51" and the catalyst Zeated with an aqueous solution of HCI as "Cat- 
alyst 61". 

[0056] Moreover, another denization catalyst was Zeated in the same manner as described for Catalyst 1 in Example 
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1 , except that the activation treatment with an aqueous solution of H 2 S0 4 was omitted. Specifically, the catalyst was 
cleaned with a cleaning fluid comprising an aqueous solution of NaOH, washed directly with water and then dried to 
obtain "Catalyst 71". 

Example 2 

[0057] Denization catalysts (composed of 89.2 wt.% of Ti0 2 , 1 0.2 wt.% of W0 3 , and 0.6 wt.% of V 2 0 5 ) having a hon- 
eycomb configuration with a pitch of 7.4 mm were used in a coal-fired boiler plant B for about 55,000 hours. 
[0058] In order to regenerate twelve denization catalysts having reduced denization power as a result of the aforesaid 
use, each of them was soaked in a cleaning fluid comprising a 5% aqueous solution of NaOH, KOH or Na 2 C0 3 so that 
the volume ratio of the cleaning fluid to the denization catalyst was 4.0, allowed to stand at 60°C for 4 hours washed 
with water, and then dried. 

[0059] After the above-described alkali cleaning, the catalyst was soaked in an activating fluid comprising a 5 wt.% 
aqueous solution of HCI, HN0 3 , H 2 S0 4 or HF so that the volume ratio of the activating fluid to the catalyst was 4.0. 
allowed to stand at 40°C for 30 minutes, washed with water, and then dried. As shown in Table 3 below, the regenerated 
catalysts thus obtained are referred to as "Catalysts 9-20". 

[0060] Moreover, these Catalysts 9-20 s were soaked in a solution prepared by dissolving vanadium pentoxide in an 
aqueous solution of oxalic acid, so that the vanadium concentration in the catalysts was adjusted to its level before 
cleaning. The regenerated catalysts thus obtained are referred to as "Catalysts 21-32". 

Comparative Example 2 

[0061] In order to regenerate two denization catalysts having been used in the same manner as in Example 2, each 
of them was soaked in a cleaning fluid comprising water or a 1% aqueous solution of HCI so that the volume ratio of the 
cleaning fluid to the denization catalyst was 4.0, allowed to stand at 20°C for 4 hours, washed with water, and then 
dried. The catalyst Zeated with water is referred to as "Catalyst 52" and the catalyst treated with an aqueous solution 
of HCI as "Catalyst 62". 

[0062] Moreover, this Catalyst 62 was soaked in a solution prepared by dissolving vanadium pentoxide in an aqueous 
solution of oxalic acid, so that the vanadium concentration in the catalyst was adjusted to its level before cleaning. The 
regenerated catalyst thus obtained is referred to as "Catalyst 63". 

[0063] Moreover, another denization catalyst was Zeated in Zie same manner as described for Catalyst 9 in Example 
2, except that the activation Zeatment with an aqueous solution of HCI was omitted. Specifically, the catalyst was 
cleaned with a cleaning fluid comprising an aqueous solution of NaOH, washed directly with water, and then dried to 
obtain "Catalyst 72". Furthermore, this Catalyst 72 was soaked in a solution prepared by dissolving vanadium pentoxide 
in an aqueous solution of oxalic acid, so that the vanadium concenZation in the catalyst was adjusted to its level before 
cleaning. The catalyst thus obtained is referred to as "Catalyst 73". 

Example 3 

[0064] The unused catalysts and spent catalysts for coal-fired boiler plants A and B, the regenerated catalysts 
obtained in Examples 1 and 2, and the regenerated catalysts obtained in Comparative Examples 1 and 2 were compar- 
atively tested for denization power under the conditions shown in Table 1 . 

[0065] Moreover, with respect to each of the regenerated catalysts, its average arsenic content and its compressive 
sZength were also measured. 

[0066] The results thus obtained are shown in Tables 2 and 3. In Tables 2 and 3. the degree of denization (%) and 
the compressive sZength ratio are defined as follows. 

Degree of denization (%) = {[(Inlet NO x content) - (Outlet NO x content)]/( Inlet NO x content)} x 100 

Compressive strength ratio = (Compressive sZength of test sample)/(Compressive sZength of unused catalyst) 
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Table 1 



J5 



20 



^^Test sample 


Catalyst for coat-fired boilers ! 


Item — 




Shape of catalyst 


46 mm X 53 mm x 800 mm(L) 


Flow rate of gas 


20.2 NmVm 2 -hr 


SV 


10,400 h~ l 


NH3/N0X 


1.0 


Temperature of gas 


380°C 


Composition of gas 


NOx = 1 50 ppm . 




NH 3 = 150 ppm 




SOx = 800 ppm 




0 2 = 4% 




C0 2 = 12% 




H 2 0= 1.1% 




N 2 = Balance 



(Notes) 

SV: Superficial velocity (hr~'). i.e., the ratio of the 



flow rate of gas to the amount of catalyst 
NH 3 /Nox: Molar ratio 



Table 2 



30 



35 



40 



45 



50 



Plant 


Example and Comparative Example 


Catalyst 


Degree of 
de nitration 
(%) 


Amount of 
AS20 5 
(wt%) 


Amout of 
Na z O or K z O 
(wt%) 


A (coal-fircd) 




Cleaning fluid 


Activating fluid 


Example 1 


NaOH 


H 2 S0 4 


1 


79.1 


0.3 


<0.1 


KOH 


H 2 S0 4 


2 


78.3 


0.4 


<0.1 


Na 2 CO a 


H 2 SO* 


3 


77.6 


0.2 


<0.1 


NaHC0 3 


H 2 S0 4 


4 


79.3 


0.3 


<0.1 


K 2 C0 3 


H 2 S0 4 


5 


80.0 


0.5 


<0.1 


NaOH 


HCI 


6 


80.1 


0.3 


<0.1 


NaOH 


HN0 3 


7 


79.6 


0.3 


<0.1 


NaOH 


HF 


8 


77.4 


0.2 


<0.1 


Comparative 
Example 1 


Water 




51 


53.3 


2.8 


0 


HCI 




61 


54.2 


2.7 


0 


NaOH 




71 


46.0 


0.3 


2.4 


Reference Example 3 


Spent cat 


alyst 


51.0 


3.2 


0 


Reference Example 4 


Unused catalyst 


80.7 


0 


0 
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Table 3 



10 



15 



20 



25 



30 



35 



4 0 



Plant 



Example and Comparative Example 



Cleaning fluid 



CD 
Ui 



45 



s - 

a I 

o UJ 



Activating fluid 



5% NaOH 



5% KOH 



5% Na 2 CQ 3 



Water 



5% HCl 



5% NaOH 



Reference Example 



Reference Example 



Catalyst 



5% HCl 



5% HN0 3 



5% H 2 S0 4 



5% HF 



5% HCl 



5% HNQ 3 



5% H 2 S0 4 



5% HF 



5% HCl 



5% HNQ 3 



5% H 2 SO A 



5% HF 



21 



10 



22 



11 



23 



12 



24 



13 



25 



14 



26 



15 



27 



16 



28 



17 



29 



18 



30 



19 



31 



20 



32 



52 



62 



63 



72 



73 



Degree of 

denitration 
(%) 



73.2 



79.8 



72.8 



80.2 



74.1 



80.4 



73.8 



80.6 



74.1 



80.2 



<wt%> 



0.35 



0.6 



0.32 



0.6 



0.30 



0.6 



0.25 



0.6 



0.35 



72.4 



79.7 



71.5 



79.4 



73.2 



78.6 



70.2 



79.1 



71.2 



80.1 



70.4 



80.3 



73.2 



80.5 



50.1 



53.1 



56.1 



41.2 



45.8 



Spent catalyst 



Unused catalyst 



48 



80.7 



0.6 



0.30 



0.6 



0.25 



0.6 



0.35 



0.6 



0.25 



0.6 



0.25 



0.6 



0.30 



0.6 



0.30 



0.6 



0.6 



0.5 



Amount of 
As*t> 5 



0.6 



0.4 



0.0 
0.6 



0.1 



0.1 



0.1 



0.15 



0.1 



0.15 



0.1 



0.15 



0.1 



0.15 



0.1 



0.15 



3.6 



0.6 



3.3 



0.1 



4.2 



Amout of Na 2 U 
or K 2 0 



<0.1 



<0.1 



<0.1 



<0.1 



<0.1 



<0.1 



<0.1 



<0.1 



<0.1 



<0.1 



<0.1 



<0.1 



<0.1 



<0.1 



22 



SO 



55 



[0067] It has been confirmed by these results that, when a catalyst having reduced denitration power due to the dep- 
osition of arsenic compounds on the catalyst surfaces is regenerated by cleaning it with an aqueous alkaline solution 
and then subjecting it to an activation treatment with an aqueous acid solution, most of the arsenic compounds and 
alkaline substances acting as catalyst poisons can be removed and, therefore, the catalyst can be regenerated to the 
fullest extent. 

[0068] Moreover, as shown in Example 2. it may happen that vanadium forming a catalytically active component is 
dissolved out during alkali cleaning and activation treatment, thus causing a reduction in catalytic power. However, it 
has been found that, in such a case, the catalytic power can be fully restored (or regenerated) by dissolving and remov- 
ing arsenic compounds from the catalyst and then impregnating the catalyst with vanadium so as to make up for the 
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loss. 

Example 4 

5 [0069] Denitration catalysts (composed of 89.2 wt.% of Ti0 2 , 10.2 wt% of W0 3 , and 0.6 wt.% of V 2 0 5 )having a hon- 
eycomb configuration with a pitch of 7.4 mm as shown in FIG. 1 were used in exhaust gas from a coal-fired boiler plant 
A for about 23.000 hours. 

[0070] In order to regenerate six denitration catalysts having reduced denitration power as a result of the aforesaid 
use, each of them was soaked in a cleaning fluid comprising an aqueous solution containing H 2 S0 4 at a concentration 
10 of 0.03%. 0.05%. 0.3%. 1%, 20% or 30% so that the volume ratio of the cleaning fluid to the denitration catalyst was 
4.0, allowed to stand at 20°C for 4 hours, washed with water, and then dried. 

[0071] The regenerated catalysts thus obtained are referred to as "Catalysts 101-106" in order of increasing sulfuric 
acid concentration. 

[0072] Moreover, in order to regenerate five other denitration catalysts having reduced denitration power as a result 
75 of the aforesaid use. each of them was soaked in a cleaning fluid comprising an aqueous solution containing NH 3 at a 
concentration of 0.03%, 0.05%. 1%, 20% or 30% so that the volume ratio of the cleaning fluid to the denitration catalyst 
was 4.0, allowed to stand at 20°C for 4 hours, washed with water, and then dried. 

[0073] The regenerated catalysts thus obtained are referred to as "Catalysts 1 07-1 1 1 " in order of increasing ammonia 
concentration. 

20 

Comparative Example 3 

[0074] In order to regenerate two denitration catalysts having been used in the same manner as in Example 4, each 
of them was soaked in a cleaning fluid comprising water or a 1% aqueous solution of HCI so that the volume ratio of the 
25 cleaning fluid to the catalyst was 4.0. allowed to stand at 20°C for 4 hours, washed with water, and then dried. 

[0075] The catalyst treated with water is referred to as "Catalyst 151 " and the catalyst treated with an aqueous solu- 
tion of HCI as "Catalyst 161". 

Example $ 

30 

[0076] Denitration catalysts (composed of 89.2 wt.% of Ti0 2 , 1 0.2 wt.% of W0 3 , and 0.6 wt.% of V 2 0 5 ) having a hon- 
eycomb configuration with a pitch of 7.4 mm were used in a coal-fired boiler plant B for about 45,000 hours. 
[0077] In order to regenerate twelve denitration catalysts having reduced denitration power as a result of the aforesaid 
use, each of them was soaked in a cleaning fluid comprising an aqueous solution containing H2SO4 at a concentration 

35 of 0.3%, 1 % or 20% so that the volume ratio of the cleaning fluid to the denitration catalyst was 4.0, allowed to stand for 
4 hours while maintaining the temperature of the cleaning fluid at 1 0, 20, 80 or 90°C, washed with water, and then dried. 
As shown in Table 5 below, the regenerated catalysts thus obtained are referred to as "Catalysts 1 12-123". 
[0078] Moreover, these Catalysts 1 12-123 were soaked in a solution prepared by dissolving vanadium pentoxide in 
an aqueous solution of oxalic acid, so that the vanadium concentration in the catalysts was adjusted to its level before 

40 cleaning. As shown in Table 5 below, the regenerated catalysts thus obtained are referred to as "Catalysts 124-135". 
[0079] On the other hand, in order to regenerate four denitration catalysts having reduced denitration power as a 
result of the aforesaid use, each of them was soaked in a cleaning fluid comprising an aqueous solution containing 
HNO3 at a concentration of 1 .0% so that the volume ratio of the cleaning fluid to the denitration catalyst was 4.0, allowed 
to stand for 4 hours while maintaining the temperature of the cleaning fluid at 10, 20, 80 or 90°C. washed with water. 

45 and then dried. The regenerated catalysts thus obtained are referred to as "Catalysts 136-139" in order of increasing 
temperature of the cleaning fluid. 

[0080] Moreover, these Catalysts 136-139 were soaked in a solution prepared by dissolving vanadium pentoxide in 
an aqueous solution of oxalic acid, so that the vanadium concentration in the catalysts was adjusted to its level before 
cleaning. The regenerated catalysts thus obtained are referred to as "Catalysts 140-144". 

50 

Comparative Example 4 

[0081] In order to regenerate two denitration catalysts having been used in the same manner as in Example 5, each 
of them was soaked in a cleaning fluid comprising water or a 1% aqueous solution of HCI so that the volume ratio of the 
55 cleaning fluid to the denitration catalyst was 4.0. allowed to stand at 20°C for 4 hours, washed with water, and then 
dried. The catalyst treated with water is referred to as "Catalyst 152" and the catalyst treated with an aqueous solution 
of HCI as "Catalyst 162". 

[0082] Moreover, this Catalyst 162 was soaked in a solution prepared by dissolving vanadium pentoxide in an aque- 
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ous solution of oxalic acid, so that the vanadium concentration in the catalyst was adjusted to its level before cleanina 
The regenerated catalyst thus obtained is referred to as "Catalyst 163". 



Example 6 



S^L 1 S 6 Un f * rat ! lyStS and spert ^'yste for coal-fired boiler plants A and B. the regenerated catalysts 
°5 k ? l?^" 1 ? 65 4 Snd 5 ' and 1,16 re 9 enerated <»Wy«s obtained in Comparative Examples 3 and 4 were compar- 
atively tested for denitration power under the conditions shown in the above Table 1 . 

« [ ° 0 5 4 L l ^ eover ' witn respect 10 each of regenerated catalysts obtained in Examples 4 and 5. its average arsenic 
io content and its compressive strength were also measured. 

[0085] The results thus obtained are shown in Tables 4 and 5. In Tables 4 and 5, the degree of denization (%) and 

the compressive strength ratio are defined as follows. 



15 



Degree of denitration (%) = {[(Inlet NO x content) - (Outlet NO x content)]/(lnlet NO x content)} x 100 
Compressive strength ratio = (Compressive strength of test sample)/(Compressive strength of unused catalyst) 



Table 4 



Plant 


Ex 
Co 

I 


ample and 
mparative 
Example 


Catalyst 


Degree of 
denitration 
(%) 


ComDressiv^ 
strength ratio 


Amount of 
As 2 0 5 
(wt.%) 






0.03% H 2 S0 4 


101 


71.6 


1.02 


1.8 






0.05% H 2 S0 4 


102 


79.5 


1.04 


1.0 






0.3% H 2 S0 4 


103 


80.7 


1.00 


0.4 






1%H 2 S0 4 


104 


80.8 


0.95 


0.3 




jp 


20% H 2 S0 4 


105 


80.9 


0.93 


0.2 




£ 
m 

X 


30% H 2 S0 4 


106 


80.7 


0.60 


0.1 


fired) 


LU 


0.03% NKj 


107 


71.3 


1.01 


2.0 


coaH 




0.05% NHj 


108 


78.3 


1.04 


0.9 


< 




1% NH, 


109 


79.8 


1.00 


0.3 






20%NHj 


110 


80.3 


0.96 


0.2 






30% NHj 


111 


80.5 


0.65 


0.1 




Comparative 
Example 3 


151 


68.5 




2.7 




161 


69.0 




2.4 




Reference Example 5 


Spent catalyst 


62.0 


1.05 


3.0 




Reference Example 6 


Unused catalyst 


80.7 


1.00 


0 



I 
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Table 5 



Plant 



Example and 
Comparative 
Example 



10 



15 



20 



25 



30 



35 



40 



8 

CD 



45 



50 



Cleaning fluid 



in 

E 



f S 



Tempo mtur^TC) 



0.3% H,S0 4 



1.0% H 2 S0 4 



20% H 2 S0 4 



t.0%H2SO 4 



Water 



1.0% HCI 



Reference Example 



Reference Example 



Cleaning 
conditions 



Catalyst 



10 



20 



BO 



90 



10 



20 



80 



90 



10 



20 



80 



90 



10 



20 



80 



90 



20 



20 



20 



112 



124 



113 



125 



114 



126 



115 



127 



116 



128 



117 



129 



118 



130 



119 



131 



120 



132 



121 



133 



122 



134 



123 



135 



136 



140 



137 



Degree of 
denitration 
(%) 



66.8 



73.8 



70.3 



80.5 



70.9 



80.8 



71.2 



81.1 



67.1 



76.5 



69.0 



81.5 



68.7 



81.0 



66.3 



81.2 



67.4 



77.1 



69.0 



81.3 



69.5 



Compressive 
strength ratio 



615 



64.3 



81.0 



68.0 



76.5 



70.5 



141 



138 



142 



139 



143 



152 



162 



163 



Spent catalyst 



Unused catalyst 



77.5 



71.5 



79.0 



72.1 



80.0 



66.4 



67.6 



70.4 



66.8 



80.7 



1.00 



0.98 



0.97 



0.92 



0.98 



0.96 



0.97 



0.85 



0.95 



0.95 



0.94 



0.8 



0.99 



0.96 



0.93 



0.80 



1.09 



1.00 



Amount of 
AsjOs 
(wt%) 



2.0 



1.2 



0.8 



0.6 



1.0 



0.6 



0.4 



0.3 



0.8 



0.5 



0.3 



0.2 



1.0 



0.7 



0.5 



0.2 



4.6 



4.4 



4.2 



5.0 



[0086] It can be seen from these results that, when a catalyst having reduced denitration power due to the deposition 
of arsenic compounds on the catalyst surfaces is regenerated with the aid of a cleaning fluid, its arsenic-removing effect 
is insufficient if the sulfuric acid or ammonia concentration in the cleaning fluid is less than 0.03% by weight. On the 
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other hand, the denitration power is restored at a sulfuric acid or ammonia concentration of 30% by weight or greater 
but part of the silica contained in the clay and glass fibers added to the catalyst during its fabrication for the purpose of 
maintaining the strength of the catalyst is also dissolved to cause a reduction in strength. 

[0087] Accordingly, the sulfuric acid or ammonia concentration of the cleaning fluid must be greater than o 03% bv 
weight and less than 30% by weight. 

[0088] Moreover, it can be seen from the results of Example 5 that, when the arsenic compounds deposited on the 
catalyst surfaces are hardly soluble ones, they are not easily dissolved H the cleaning fluid has a temperature of 10°C 
f 3 s"*™** generative effect cannot be obtained. In such a case, it is preferable to heat the cleaning fluid 

to 20 C or above. However, if the temperature of the cleaning fluid reaches 90°C. the strength of the honeycomb- 
shaped catalyst is reduced. Accordingly, the temperature of the cleaning fluid should desirably be in the range of 20 to 
80 C. " 

[0089] Furthermore, when the cleaning fluid has a temperature of 20°C or above, it may happen that vanadium form- 
ing a catalytically active component is dissolved out during cleaning, thus causing a reduction in catalytic power How- 
ever, it has been found that, in such a case, the catalytic power can be fully restored (or regenerated) by dissolving and 
removing arsenic compounds from the catalyst and then impregnating the catalyst with vanadium so as to make up for 
the loss. 
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Claims 

1. A method for the regeneration of a denitration catalyst which comprises cleaning a denitration catalyst having 
reduced denrtraton power with a cleaning fluid comprising an aqueous solution containing sulfuric acid or ammonia 
at a concentration of 0.05 to 20% by weight and maintained at a temperature of 10 to 90°C. 

2. A method for the regeneration of a denitration catalyst as claimed in claim 1 wherein the temperature of said clean- 
mg fluid is in the range of 20 to 80°C. 



3. 



Amethod for the regeneration of a denitration catalyst which comprises cleaning a denitration catalyst having 
reduced denitration power with an aqueous alkaline solution to remove the substances deposited thereon and sub- 
jecting the catalyst to an activation treatment with an aqueous acid solution. 

A method for the regeneration of a denitration catalyst as claimed in claim 3 wherein said aqueous alkaline solution 
JS2^ HF or°H SO* Na2C ° 3 ' °' ^ ™ 6 SO,Uti0n ls an ac * ueous 

A method for the regeneration of a denitration catalyst which comprises cleaning a denitration catalyst having 
reduced derivation power under the conditions described in any of claims 1 to 4, and impregnating the denitration 
catalyst with a catalytically active component so as to support it on the catalyst. 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. Claims: 1-2 (in part), 5 (in part) 
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